ABSTRACT
INTRODUCTION
Steel plays a vital role in growth of any country and especially for developing country like India demand of steel is ever increasing. This high demand for steel forces the use of low grade iron ore. These iron ores contain alumina and silica as gangue material along with iron mineral. If the alumina content increases with iron mineral, the viscosity of slag increases which leads to consumption of the fuel at high rate; and decreases the productivity of the process. Because of which these iron ores needs to be beneficiated before use. However beneficiation of these low grade iron ores generates huge quantity of tailings. Environmental friendly and safe disposal of these fines, slimes and tailings is a big problem for the iron ore beneficiation industries. Moreover these contain a good amount of iron values which can be recovered by further beneficiation.
The Indian iron ore tailings typically contain hematite, goethite and clay materials. The beneficiation of these iron ore tailings will not only improve the overall recovery of the process but also will reduce the amount of materials to be disposed of as gangue materials. The effective beneficiation of these iron ore tailings may not be completely possible with conventional beneficiation techniques like magnetic separation, gravity separations, floatation etc. because of the presence of large quantity of clay particles and small size of the particles. Non the less these can be beneficiated alternatively by the process of selective flocculation, which is defined as the selective agglomeration of the desired mineral in the form of floc using natural or synthetic flocculant and the undesired minerals remains suspended in the supernatant liquid. The process has been explained with the help of schematic diagram shown in Figure 1 . It explains that once the flocculant is added to the dispersed slurry, it adsorbs to the surface of desired mineral and settles down as floc. A lot of work has already been done on selective flocculation and success has been also achieved to some extent in treating different kind of materials like iron ore, copper , phosphate etc. using both natural as well as synthetic flocculant [1] [2] [3] [4] [5] . In addition to these a substantial work has been done in understanding the mechanism of the selective flocculation [6, 7] . In this work an attempt has been made to optimize the effect of different parameters like solid concentration, pH and
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flocculant dose on the selective flocculation of Indian hematitic iron ore slimes (synthetic mixture of high grade hematite, 68% Fe and kaolinite). Starch is a polysaccharide based natural polymer having high affinity towards hematite, which is a natural flocculant for selective flocculation. On account of which corn starch was used as the flocculant for this work.
MATERIALS AND METHOD
Natural occurring hematite iron ore sample was used in this work, which was collected from one of the plant in India. Hematite iron ore sample so collected was processed further before being used for selective flocculation. The iron ore sample was grounded below 45 micron in ball mill and then the grounded sample was subjected to magnetic separation for enrichment of iron value to 67.57%. The low grade typical blue dust sample below 45 micron was deslimed using sodium silicate to obtain the kaolinite sample used in this study (the deslimed product of this typical blue dust sample are mostly kaolinite). The low grade blue dust sample was collected from the Jabalpur area in Chattisgarh, India. The iron ore and kaolinite sample so obtained were mixed in different ratios to get the synthetic feed for the selective flocculation. The detail characterization study was performed on the iron ore and kaolinte sample by chemical analysis and XRD. The chemical analysis report is given in Table 1 . The report indicates the presence of around 13 % iron value in the kaolinite sample, which is obvious as the kaolinte is the deslimed product of low grade blue dust. The XRD spectra for iron ore and kaolinite sample are shown in Figure 2 and Figure 3 respectively. The Figure 2 indicates that iron ore sample contains mostly hematite mineral phase with small amount of gibbsite mineral phase. Similarly Figure 3 shows the presence of kaolinite as the major mineral phase with small amount of iron phase in it which is indicative of the 13% iron ore present in the kaolinite sample.
Flocculant preparation is one of the very important steps in any selective flocculation process because the functional groups which have the affinity towards the desired mineral should be in the exposed state, ready to be attached to the mineral surface. The standard procedure given by the [8] [9] was followed for the preparation of the flocculant. The mixture of corn starch and sodium hydroxide pellets in the ratio of 2:1 were taken and double distilled water was added to make 1 weight percent of slurry. Then the slurry was heated at a temperature of 80-85 degree centigrade to make a clear solution. The flocculant solution so prepared should be used within 24 hour before it gets damaged [6] . Fourier transform infrared (FTIR) spectroscopy test was performed on the corn starch solution to find out the functional groups present. The FTIR spectrum is shown in Figure 4 . Once the feed materials and the flocculant solution were prepared, the hematite iron ore and kaolinite was mixed in a mixture in desired ratio to prepare the synthetic feed to the selective flocculation process. The synthetic iron ore feed was taken in a graduated cylinder and tap water was added to make desired solid concentration of slurry. After the slurry preparation analytical sodium silicate was added as dispersant to properly disperse the particles in slurry which is the prerequisite of the selective flocculation process. Then the pH of the slurry was controlled with addition of analytical sodium hydroxide. This same procedure was followed for all the run of experiments with different experimental conditions. The details of all the experimental conditions are listed in the Table 2 . 
RESULTS AND DISCUSSION
This section aims at explaining the effect of different operating parameters like flocculant dose, feed grade, pH and solid concentration on the performance of the selective flocculation process. The performance was judged by the grade and recovery of the process at different experimental conditions. 
Effect of Flocculant Dose and Feed Grade
The variations of grade of concentrate and Fe recovery in the concentrate with the change of flocculant dose for different feed grade are shown in Figure 5 and Figure 6 respectively. From the Figure 5 it was observed that as flocculant dose increases there is moderate decrease in the grade of the concentrate. However with the increase of flocculant dose the Fe recovery of the process increases significantly as shown in Figure 6 . When the addition of flocculant increases more and more iron minerals are attached to the flocculant and in the process some of the gangue particles i.e. kaolinite gets entrapped in the matrix of the iron mineral floc. Due to this entrapment of kaolinite particles in floc matrix the grade of the concentrate decreases, whereas with the increase of the floc formation the Fe recovery of the process increases. Figure 5 and 6 also show that with the increase of feed grade both grade and Fe recovery increases, which is obvious because as feed grade increases the amount of iron mineral available for getting flocculated also increases. On account of which for same yield the Fe recovery and grade of the concentrate increases. 
Effect of pH of Slurry
The variations of grade of concentrate and Fe recovery in the concentrate with the change of slurry pH are shown in Figure 7 and Figure 8 respectively. It was observed that with the increase of pH from 6.5 to 10.5 there is decrease of grade of the concentrate and there is increase of Fe recovery in the concentrate. Whereas with further increase of pH up to 12.5 it was observed that grade of the concentrate increases and Fe recovery in concentrate decreases. This means at pH 10.5 concentrate grade is minimum with maximum attainable Fe recovery. The isoelectric point of pure hematite is around 8 [10] . Because of which the repulsive force between the particles are less around this pH and the resistive force for flocculation is less. This indicates that more floc will be formed around the isoelectric point and the Fe recovery increases because of this. However with the increase of floc formation more and more kaolinite particles will be entrapped in the matrix of the floc and the concentrate grade will decrease.
Effect of Solid Concentration of Slurry
The variations of grade of concentrate and Fe recovery in concentrate with the change of solid concentration of slurry are shown in Figure 9 and Figure 10 . It was observed that as the solid concentration increases the concentrate grade decreases and Fe recovery in concentrate increases. When solid concentration increases floc formation increases due to increase of the collisions between the particles. Because of the increase of floc formation the entrapment of kaolinite particle also increases which decreases the grade of the concentrate, whereas the Fe recovery increases. 
